Background: The objective of this study to develop percentile curves for cardiometabolic disease markers in a population-based sample of Canadian children and youth. Methods: The analysis used data from 6116 children and adolescents between 6 and 19 years of age who participated in the Canadian Health Measures Survey cycles 1 (2007/2009), 2 (2009/2011), and 3 (2012/2013). Total cholesterol, HDL cholesterol, and hemoglobin A1c levels as well as fasting levels of triglycerides, insulin, and homeostasis model assessment insulin resistance were measured using standardized procedures. Age-and sex-specific centiles for all markers were calculated using Cole and Green's LMS method. Results: With the exception of hemoglobin A1c, all markers showed age-and sex-related differences during childhood and adolescence. Conclusions: We have developed centile curves for cardiometabolic disease markers in Canadian children and adolescents and demonstrated age and sex differences that should be considered when evaluating these markers in this age group.
Background
Cardiovascular disease (CVD) is currently the leading cause of death worldwide [1] . With the exception of congenital heart disease, CVD manifests in adulthood, but its risk factors are already detectable in childhood. Abnormal blood lipids and diabetes are among the risk factors for the development of CVD [2, 3] . An abnormal lipid profile can include elevated total cholesterol, elevated triglycerides, and low high-density lipoprotein (HDL) cholesterol. Insulin resistance plays an important role in the development of youth-onset type 2 diabetes, an emerging disease in children and youth [4] . Homeostasis model assessment estimates insulin resistance (HOMA-IR) from fasting levels of insulin and glucose [5] ; other measures that have been used to identify insulin resistance or diabetes include fasting insulin and glycosylated hemoglobin (HbA1c), respectively [6] [7] [8] .
Levels of these markers vary by sex and across age in childhood and adolescence, and percentile curves have been developed to describe their physiologic development. Percentile curves have been published for lipids and markers of insulin resistance in various populations [9] [10] [11] [12] [13] [14] . Since these curves are specific to populations and there are no percentile curves for the levels of these markers in Canadian children, the objective of this study was to develop percentile curves for cardiometabolic markers in a population-based sample of Canadian children and youth.
Methods

Study design
This study used data of children and youth aged 6 to 19 years from the Canadian Health Measures Survey (CHMS) cycles 1 to 3, a representative, cross-sectional survey assessing health and wellness in Canadians [15] [16] [17] . The survey includes a household interview to obtain sociodemographic and health information and a visit to a mobile examination centre to perform physical measurements and tests. The sampling frame of the Canadian Labour Force Survey was used to identify the collection sites for the mobile examination centres. Within each collection site, households were selected using the 2006 Household response rates were 69.6, 75.9, and 74.1%, respectively; final response rates in the 3 cycles were 51.7, 55.7 and 51.7%, respectively [15] [16] [17] . We combined data from the 3 cycles as per Statistics Canada guidelines [18] . A total of 11,999 persons participated in physical examination part of the three survey cycles. The present analysis uses data from 6116 children and adolescents between 6 and 19 years of age.
The Health Canada Research Ethics Board gave approval for the CHMS. All participants gave written informed consent; parents or guardians consented on behalf of children aged 6 to 13 years, and the child provided their assent to participate; youth 14 to 17 years consented on their own, but their parents or guardians had to give verbal permission for the household interview [15] . The current project was approved by the IWK Health Centre Research Ethics Board, Halifax, NS, Canada (File # 1014413).
Laboratory measurements
Blood for measurement of cardiometabolic markers was collected by standard venipuncture. Fasted blood samples for measurement of insulin, glucose, and triglycerides were taken in a randomly selected sample of participants. The sample was obtained by randomly offering each respondent a clinic appointment either in the morning (after an overnight fast) or in the afternoon (non-fasted) [15] . Blood samples were centrifuged within 2 h and aliquoted within 4 h of collection. The samples were stored either in the refrigerator or in the freezer until shipping. Samples were shipped once a week to the Health Canada reference laboratory in Ottawa. Participants with diabetes were excluded from the analysis of insulin, HOMA-IR, and HbA1c; participants taking lipid-lowering medication were excluded from the analysis of lipids. Levels of total cholesterol, HDL cholesterol, triglycerides, and glucose were measured using a colorimetric test and HbA1c was measured using a immunoturbidimetric test on the Vitros 5,1FS (Ortho Clinical Diagnostics, Markham, ON, Canada). Fasting insulin levels were determined using a solid-phase, two-site chemiluminescent immunometric assay on the Advia Centaur XP (Siemens, Erlangen, Germany). Since insulin measurements in cycle 1 were performed using a different method and had a considerable proportion of levels below the test's limit of detection, we only used insulin measurements from cycles 2 and 3 in the present analysis. Fasting insulin and glucose levels were used to calculate HOMA-IR as (fasting insulin [μU/L] x glucose [mmol/L]) / 22.5 [19] .
Statistical analysis
Percentile curves for total cholesterol, HDL cholesterol, triglycerides, insulin, HOMA-IR, and HbA1c were modeled using the LMS method by Cole and Green [20] . We have described the LMS method in Fig. 6 Percentile curves for hemoglobin A1c levels for male and female Canadian children and youth aged 6 to 19 years detail elsewhere [21] . Briefly, the method uses a Box-Cox transformation to normalize the data and models the mean (M), variance (S), and skewness (L) as parameters over age using cubic splines. Centiles and z-scores for the truncated standard normal distribution can then be determined from the three parameters at each age [20] . We calculated the 3rd, 10th, 25th, 50th, 75th, 90th, and 97th centile for each marker. Models were fit to data from respondents up to age 30 years to avoid unusual behaviour of the spline functions near the end of the age range. The goodness of fit for each model was assessed using residual quantile plots ("worm plots") [22] . All calculations were performed using sample weights provided by Statistics Canada to account for the design effect and reduce non-response bias. The statistical software package R [23] with the gamlss package [24] was used to perform the statistical analyses.
Results
Sociodemographic characteristics of the sample are summarized in Table 1 . Figures 1, 2 , 3, 4, 5 and 6 and Tables 2, 3, 4, 5, 6 and 7 show the percentile curves and their values for total cholesterol, HDL cholesterol, triglycerides, insulin, HOMA-IR, and HbA1c.
Total cholesterol curves had a bimodal distribution for both boys and girls. Overall, cholesterol levels were slightly higher in girls than in boys. Median levels at 6 years were 4.1 mmol/L in girls and 4.0 mmol/L in boys. In boys, the 50th centile peaked at age 10 years (4.2 mmol/L). The lowest median cholesterol level in boys was seen at 16 years of age (3.8 mmol/L), after which it increased to 3.9 mmol/L at 19 years. In girls, the 50th centile for cholesterol had a peak at 9 years (4.2 mmol/L), decreased to a trough at 15 years (4.0 mmol/L) and increased again to 4.3 mmol/L at 19 years of age. HDL cholesterol showed a bimodal distribution in girls, but only one peak in boys. In boys, the median levels were highest before 11 years (1.5 mmol/L) and then steadily declined until 19 years (1.2 mmol/L). Median HDL cholesterol in girls peaked at age 10 years (1.4 mmol/L) and after a trough (1.3 mmol/L) increased again to 1.4 mmol/L at 19 years. Median levels of triglycerides exhibited a steady linear increase from 6 years (0.7 mmol/L) to 19 years (0.9 mmol/L) for both sexes. Insulin levels were overall higher in girls than in boys. For both sexes, median levels increased until about 14 years of age (62 and 72 pmol/L in boys and girls, respectively), after which they slightly decreased to 57 pmol/L in boys and 70 pmol/L in girls at 19 years of age. Centile curves for HOMA-IR largely mirrored those for insulin with the 50th percentile peaking at 15 years for both sexes (1.9 for boys and 2.2 for girls). Median HbA1c levels held nearly constant around 5.3% from 6 to 19 years for both sexes.
Discussion
The objective of this study was to develop percentile curves for total cholesterol, HDL cholesterol, triglycerides, insulin, HOMA-IR, and HbA1c in a population-based sample of Canadian children and youth. We found ageand sex-related differences in blood levels for all markers except for HbA1c. A bimodal shape of the centile curves for total cholesterol levels has been described in various Western populations [9, 11, 13, 25] . A pre-adolescent peak at around 8 to 10 years of age that is more pronounced in boys is followed by a decrease during adolescence and another peak in late adolescence and young adulthood. The same pattern, but without a post-pubertal rise in boys, can be seen for HDL cholesterol [9, 11, 13] . The pubertal trough of cholesterol levels may be the result of the well described insulin resistance during puberty [26] . Clinicians should be aware of these physiologic changes when interpreting cholesterol levels. However, it should also be acknowledged that median levels of cholesterol in our study as well as in other studies varied by 10% or less in either direction during childhood and adolescence [9, 11, 13, 25] .
Median triglyceride levels in our sample showed a nearly linear increase by about 30% from around 0.7 to 0.9 mmol/L in both sexes during childhood and adolescence. Some investigators previously described a bimodal pattern in girls with peaks at around 12 and 19 years of age [9, 11] , while others also reported the linear increase we found [13] . These differences may be explained by different degrees of smoothing applied during the modeling process.
Median fasting insulin levels were higher in girls than in boys, and levels in both sexes peaked at around 15 years of age followed by a slight decrease towards late adolescence. Similar age and sex differences have also been reported by others [13, 27] . The peak in puberty reflects the physiologically reduced insulin sensitivity and concomitant increase in insulin secretion during that period [28, 29] . The median insulin levels in our study and others [12, 13, 27] varied with pubertal levels ranging from 52 to 63 pmol/L in boys and from 65 to 73 pmol/L in girls. These differences may be explained by differences in the insulin assay used [30] or differences in the body composition, ethnicity, and puberty stage of the children in the sample. The shape of the HOMA-IR curves was similar to those for fasting insulin. Schwartz et al. found a significant correlation between fasting insulin and HOMA-IR but found both only modestly correlated with the insulin resistance measurement gold standard, the euglycemic-hyperinsulinemic glucose clamp [31] . HOMA-IR still is among the most commonly used surrogate measure of insulin resistance to date. Given the variation over sex and age, in particular the physiologic insulin resistance in puberty, the use of an age-and sex-specific percentile-based cutoff for HOMA-IR is warranted. Unfortunately, such a cutoff has not been established to date [32] . Glycosylated hemoglobin or HbA1c is an established marker for long-term glycemic control in patients with diabetes [33] . HbA1c has been proposed as a screening tool for undiagnosed diabetes in adults [6] and children with overweight or obesity [8] , but the evidence is still very limited. We found very little change in HbA1c levels from childhood to late adolescence, and there was no difference between the sexes. To the best of our knowledge, only three previous studies have examined HbA1c levels during childhood [12, 14, 34] . Only Peplies et al. in the European IDEFICS cohort developed percentile curves to describe the changes in levels across age and found a 15% increase in median HbA1c levels between 7 and 11 years for both sexes [12] . The strengths of our study include the use of a large population-based sample and the use of standardized protocols and procedures for the measurement of the cardiometabolic marker levels. A shortcoming of the use of cross-sectional data is that it is not clear if the trajectories of individual children follow this pattern; longitudinal data may be more accurate in describing age-related changes but are considerably more resource intensive to collect at the population level. Due to the relatively small proportion of visible minority children in the sample (< 20%), we were not able to investigate ethnic differences in marker levels and trajectories. Another limitation of our study is that we were unable to take puberty stage, which may influence insulin and lipid levels, into account as this information was not available in the CHMS. By contrast to some of the previous studies in this area, we did not restrict our analysis to children with a healthy weight [9, 12] , as our goal was to describe population-based trajectories. Since the inclusion of overweight and obese children in our sample may have influenced lipid and insulin levels, our percentiles cannot be considered as reference values. 
